ETL/PMEL PACS PROGRAM
Enhancements fpr the Spring and Fall TAO Maintenance Cruises

A modest ship-based cloud measurement program to obtain statistics on
key surface, MBL, and low-cloud macrophysical, microphysical, and
radiative properties as part of the PACS/EPIC monitoring program for

~ the 95 W TAO buoy line in the tropical eastern Pacific i

Goal: to acquire a good sample of most of the relevant bulk variables
that are commonly used in GCM parameterizations and to improve
satellite retrieval methods for deducing MBL and cloud propertles on
larger spat1a1 and temporal scales e : -

Completed: Seven cruises since 1999 (plus the EPIC2001 cruise)

Cronin, M. F., N. Bond, C. W. Fairall, J. E. Hare, M. J. McPhaden, and
R. A. Weller, 2002: Enhanced oceanic and atmospheric monitoring for
the Eastern Pacific Investigation of Climate Processes (EPIC)
experiment. EOS, Transactions of AGU, 83, 205-211.

*Buoys are REFERENCE sites. High-resolution data:
More accurate, more detailed, more fundamental
Shows why buoys get the fluxes they get.

Example: Buoy data show NCEP suppose overestimates downward solar
flux by 100 W/m”2 in spring but not in fall. Ship data gives us cloud
fraction, cloud optical depth, clear sky solar flux, aerosol optical depth,
PBL height
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Table 1-1. Present processed data availability at the ETL PACS ftp site: D -
data available on this site, I - image files only, X - available but not posted.
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Table 1. Instruments and measurements for ETL shlp—based cloud/MBL
monltorlng_

Item

f Systern

| Measurement

1

Motion/navi gaﬁon package

‘Motion correction for turbulence

12 Sonic anemomcter/thermometer ‘ ‘Dlrect covanance turbulent ﬂuxes
"\.3 e 'Mcan SST, air temperature/RH ' ﬁBulk turbulent ﬂuxes '
II 4 Pyranometer Downward solar radiative flux
15 Pyrgéometer | | Dowﬁwafd IR radiative flux

6 - ‘C_e.ilumeter fCloud-base height
7 0.92 or 3 GHz buppler radaf” e Cloud- -top height, MBL
' profiler nucromrbulence
8 Rawinsonde MBL wind, temperature, humidity
prof.
9 35 GHz Doppler cloud radar Cloud microphysical properties
10 20, 31, 90 GHz pwave radiometer | Integrated cloud liquid water
11 Upward pointed IR thermometer | Cloud-base radiative temperature
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Wind speed components (daily average) versus latitude. Each line denotes a
transect along 95 W or 110 W in the fall 1999 to fall 2001 period.
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Wind speed components averaged over all cruises versus latitude: Red= fall and
blue=spring.
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Bulk surface laye yer properties from deep convective periods in the TWP Indian Ocean and TEP.V

Experiment Ts (C) Ta (C) AT(C) | Aq(gke) : U (m/s)
COR-2 28.98 27.38 160 4 645 5.49
JASM Active | 2942 |  27.94 148 '} 615 8.71
EPIC ITCZ 2921 26.64 251 ] 61 | 52

Bulk surface fluxes from deep convective > periods in the TWP, Indlan Ocean, and TEP

Experiment Rns Rnl Hs - 4 ~Hl =~ -H.ne.t' .
COR-2 166 46 AL g T 1
JASM Active 167 31 106 0 s8] a7
EPIC ITCZ 164 39 189 o f 0 am ol
PACSION | 222 46 | 27 b Gy




Simple Cloud Properties

Simple bulk models of downward IR and solar radiative fluxes have
been used for surface cloud radiative forcing on 1-day averages.

R = F(lat, lon, day, hour, k,, k,, ozone) [Igbal 1998]

slclear
ozone = default; k adjusted to fit clear sky periods
R e = 0 T, [0.52 + 0.085 (q,)"] T, = air Temp, q, = spec. hum.

llclear —

The coefficients (0.52 and 0.085) were selected to fit known clear sky
periods.

Cloud forcing of fluxes at the surface:
SCF=<R,>-R, geur

Maximum cloud forcing:

MSCF =R & - Ry ciear

SCF = f * MSCF

where f=cloud fraction
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Turbulent Heat Fluxes (Wm 2
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Latitude-bin averages of daily-averaged turbulent fluxes: sensible - red circles, fall and blue
diamonds, spring; latent - red x, fall and blue *, spring.
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10NS5SW 24—hour averaged Shortwave Radiation: Observed {blue) vs. Igbal Clearsky (green)
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~ Figure 3. Daily averaged downward solar (upper panel) and IR (lower panel) flux time series for 10 N 95 W. The blue lines are TAO buoy data;
the green line clear sky model values based on ETL PACS cruise information. The difference in the two lines is the cloud radiative forcing at the
surface. Strong forcing in the May-October period is caused by migration of the ITCZ to 10 N.
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Figure 1. Bin-averaged measurements of low-cloud fraction. Red circles for are
fall and blue diamonds are spring.
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Latitude-bin medians of daily-averaged radiative cloud forcing: red circles, average fall and
blue diamonds, EP2001. The upper panel is IR flux and lower is solar flux.
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Julian Day (2001)

NOAA/ETL: Millimeter cloud radar data for October 18, 2001 {Moda 3)
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